Background: Salivary matrix metalloproteinase (MMP)-8 is currently considered to be one of the most promising biomarkers for early diagnosis of periodontitis, however, several recent studies showed conflicting results.
Introduction
Periodontitis is an inflammatory disease caused by bacterial infection, with the characteristics of periodontal damage, alveolar bone resorption, and eventually tooth loss. [1] It is generally considered to be one of the most common diseases worldwide, with a prevalence of 15% to 20%. [2] Of greater concern, periodontitis has been shown to be associated with other serious diseases, such as coronary heart disease, head and neck carcinoma, and chronic obstructive pulmonary disease. [3] [4] [5] Therefore, early detection and intervention of periodontitis is of great importance. Differentiating destructive periodontitis patients from healthy individuals is simple at professional level, which mainly rely on clinical diagnostic criteria such as probing depth, attachment level, bleeding on probing, plague index, and radiographic assessment. [6] However, the early stage of initiation and/or progression remains a challenge for dentist based on the above clinical diagnostic criteria. [7] Saliva has the advantages of being easily and noninvasively collected, thus biomarkers from saliva for early detection of periodontitis are desirable.
In the past few years, great efforts have been made to explore these biomarkers. As periodontitis is an inflammatory response, the inflammatory process will lead to increased secretion of proinflammatory cytokines such as interleukin (IL)-1a, IL-1b, IL-6, and tumor necrosis factor-a (TNF-a). [8] Following this, neutrophils release a variety of enzymes such as matrix metalloproteinase (MMP), and inflammatory mediators. Biomarker detections from saliva are noninvasive, easily accessible, and economically friendly, and several types of salivary biomarkers have been shown to be associated with both oral diseases and systemic diseases. [9] Salivary biomarkers such as IL-1, IL-6, and MMP-8 have been reported to be significantly elevated in periodontitis patients compared with healthy controls. [10] MMPs are key proteases involved in periodontitis and associated with periodontal status. [11, 12] Type I collagen accounts for large quantities of periondontal extracellular matrix, thus special attention has been paid to collagenases and gelatinase such as MMP-8, MMP-13, MMP-2, and MMP-9 in periodontitis. Because type I collagen represents the bulk component of periodontal extracellular matrix, thus special attention has been paid to collagenases. [13] Among them, MMP-8 is the main collagenase in periodontitis; moreover, 90% to 95% of collagenolytic activity in gingival crevicular fluid originated from MMP-8. Thus MMP-8 is currently considered to be one of the most promising biomarkers for periodontitis in oral fluids. [13] While some studies showed higher levels of salivary MMP-8 in periodontitis patients compared with healthy individuals, [14, 15] other studies showed opposite or contradictory results. [16, 17] To the best of our knowledge, the diagnostic value of salivary MMP-8 in periodontitis has not been systematically evaluated with all currently available data yet. Therefore, we aim to do a systematic review and meta-analysis to determine its diagnostic value between periodontitis patients and healthy controls.
Materials and methods

Focused question
The focused question was "Do salivary MMP-8 level differ significantly between periodontitis patients and healthy controls?" If answer is "yes," we could use MMP-8 as a potential biomarker for early diagnosis of periodontitis.
Search strategy
We searched PubMed and Embase electric database (up to August 2017) for the studies reporting salivary MMP-8 level between periodontitis patients and healthy controls with the data of means ± standard deviation (SD) and sample size (number of patients included).
The following search terms were used: (1) "matrix metalloproteinase-8" OR "matrix metalloproteinase 8" OR "MMP-8" OR "MMP8"; (2) "salivary" OR "saliva"; (3) "periodontitis" OR "periodontal disease." Then the above three parts were connected by Boolean operator "AND." Articles published in other languages except English, in-vitro studies and animal studies were excluded, and no other filter was set. We also searched reference lists from original articles or reviews to include more related studies. The authors were contacted for details if needed.
Study selection
The included studies should fulfill the following criteria: (1) clinical trials, either cross-sectional or observational studies in human; (2) presence of periodontitis patients compared with healthy controls; (3) evaluated salivary MMP-8 in relation to periodontitis; (4) studies that presented with numerical values of sample size and mean ± SD of MMP-8 levels, or it could be calculated from available data of the study.
Data extraction and quality assessment
Two authors (LZ and LH) independently identified included studies and extracted the data for further analysis. The data were tabulated by the study participants, inclusion criteria for peridontitis patients and healthy controls, assay used for detecting MMP-8, regions of the study performed, salivary MMP-8 levels (mean ± SD) with sample size, and statistical significance (P value). Discrepancy was resolved by consensus meeting with other co-authors to arrive at consensus. The whole process of literature selection was summarized in Figure 1 , according to PRISMA guidelines. [18] Methodological quality assessment was done by 2 authors based on Newcastle Ottawa scale (NOS) grading system, the details of each item in this grading system were described previously, [19] which was used for quality evaluation of observational studies and nonrandomized studies.
Statistical analyses
Meta-analysis was conducted to the primary outcome: mean salivary MMP-8 level (mean ± SD) between periodontitis patients and healthy controls. Forest plot was produced reporting standardized mean differences (SMDs) and 95% confidence interval (CI), which were calculated for each study. SMD is the mean divided by the SD of a difference in each study between patients and controls. It can be seen as the mean difference if all data were transformed to a scale where SD within groups was equal to 1.0. Funnel plot was used for the evaluation of public bias.
Heterogeneity was assessed using Higgins I 2 , Tau-square, and Chi-square tests, with I 2 >75% indicating relevant heterogeneity. [20] When the heterogeneity test was statistically significant, random-effects model was used. Otherwise fix-effects model was used. Publication bias was assessed by funnel plot. All the above statistical analyses were performed with Stata 13.0 software (Stata Corporation, College Station, TX). A P value < .05 was considered to be statistically significant.
Ethical review
This study was a systematic review and meta-analysis, and did not involve patient consent. Thus ethical approval could be waived.
Results
Identification of studies
The searches yielded 275 relevant articles for consideration primarily. After reviewing the titles and abstracts, 251 articles were excluded because they did not fulfill the inclusion criteria. Around 25 studies were selected for full-text review, and 15 studies were excluded in this step (Fig. 1) . A total of 10 studies, including 485 periodontitis patients and 379 health controls that met the preset inclusion criteria were included for metaanalysis, [6, 10, [14] [15] [16] [17] [21] [22] [23] [24] the characteristics of the 10 studies were summarized in Table 1 .
Quality assessment
Study quality as assessed by the NOS was summarized in Table 2 , the quality varied across the studies. Among the 10 included studies, 7 studies were graded as good quality and 3 studies were graded as moderate quality. All 10 studies met the NOS criteria for case definition, and had good representativeness.
Data synthesis and meta-analysis
The salivary MMP-8 levels from each independent study of both periodontitis patients and health controls were summarized in Table 1 . The study of Gursoy et al [17] enrolled patients with MMP-8 detected by 2 different methods (immunofluorometric , with separate data of MMP-8 levels (mean ± SD), respectively, thus the 2 set of data were analyzed separately. The range of MMP-8 levels (mean ± SD) varied greatly among different studies, from 2.95 ± 0.66 (n=27) to 888.6 ± 990.1 (n = 84) in periodontitis patients, and from 2.51 ± 0.81 (n = 18) to 309.4 ± 183.4 (n = 81) in healthy controls. The pooled SMD was 1.195 (95% CI: 0.720-1.670), with the forest plot drawn in Figure 2 . For heterogeneity testing, Chisquare was 93.66 (P < .05), and I 2 (variation in SMD attributable to heterogeneity) was 89.3%. The estimate of between-study variance Tau-square was 0.5373. Test of SMD = 0, z = 4.93 (P < .05). Thus the variability in difference was significant. Funnel plot was shown in Figure 3 , indicating publication bias.
Discussion
This meta-analysis systematically evaluated the salivary MMP-8 levels between periodontitis patients and healthy controls of 10 independent studies from different countries. In general, our results showed that MMP-8 level was significantly higher in periodontitis patients than in health controls, although the heterogeneity exists among different studies.
MMPs are proteolytic enzymes belonging to zinc protease super family involved in physiological degradation of extracellular matrix proteins and basement membranes, and they can be categorized into several groups. [13] MMP-8 belongs to collagenase group, which exhibits a unique ability to decompose type I and III collagen. [13] MMP-8 levels have been found to correlate with the levels of type I collagen degradation products, overcoming the protective shield of tissue inhibitors of MMP in disease active sites compared with inactive sites from periodontitis patients and healthy controls. [25] Therefore, it can be hypothesized that MMP-8 acts as a biomarker in periodontitis.
The salivary level of MMP-8 varied greatly between different studies and the SD was also relatively variable in some studies, [10, 17, 21, 22] which may partly be explained by the variation in salivary flow rate, use of antimicrobial agents, and smoking habits. These factors may cause interference in salivary analysis to some extent. On the other hand, different detection methods (such as ELISA, IFMA, and Luminex) may also contribute to the variability.
SMD was calculated in order to reduce discrepancy. Our results showed that I 2 = 89.3%, indicating substantial heterogeneity. Thus random-effects model was used for SMD estimation. The heterogeneity may be due to different detection methods used, such as IFMA versus ELISA, which may be explained by the different specificity of antibodies used in the 2 methods. [26] The heterogeneity may also be induced by the unstandardized diagnosis criteria for periodontitis, different enrolling criteria for healthy controls, different study population (gender, age), and different study designs. Funnel plot analysis indicated publication bias existed, which may be partially explained by 3 studies with relatively small sample size locating far away from the funnel's (2018) 97:3 www.md-journal.com Table 1 Characteristics of the 10 studies included in this study. margin. Therefore, the findings in this meta-analysis should be analyzed with caution. Thus further high-quality studies with robust design and larger sample size are highly recommended.
Study
In conclusion, our meta-analysis results suggested that, salivary MMP-8 levels were significantly higher in periodontitis patients than in healthy controls. Substantial heterogeneity existed among these included studies, thus prospective studies and randomized designs with larger sample size are still needed to verify our results in the future. Quality assessment of the 10 included studies by Newcastle-Ottawa scale.
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